The genus Cohnella is affiliated to the family Paenibacillaceae, phylum Firmicutes. Kämpfer et al. (2006) proposed the genus Cohnella and described Cohnella thermotolerans DSM 17683 T , a moderately thermotolerant isolate, as the type strain of the type species. Additionally, in the same publication, the authors also reclassified Paenibacillus hongkongensis HKU3
T , an isolate from a Chinese patient with neutropenic fever, as Cohnella hongkongensis HKU3
T . At the time of writing, the genus Cohnella accommodates 18 species with validly published names (http://www.bacterio.cict.fr/c/cohnella.html) isolated from diverse geographical locations as follows: Cohnella arctica M9-62 T , a psychrotolerant species from Arctic Tundra soil, Norway (Jiang et al., 2012) ; Cohnella laeviribosi T from a volcanic pond, Indonesia (Cho et al., 2007) ; Cohnella fontinalis YT-1101 T from a freshwater sample, Japan (Shiratori et al., 2010) ; Cohnella phaseoli GSPC1
T from root nodules of Phaseolus cocceneus, Spain (García-Fraile et al., 2008) ; Cohnella damuensis [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] T from a soil sample, Tibet (Luo et al., 2010) ; Cohnella cellulosilytica T from buffalo faeces (Khianngam et al., 2012) ; Cohnella thailandensis S1-3 T (KCTC 22296 T ), Cohnella terrae MX21-2 T and Cohnella xylanilytica MX15-2
T from a soil sample collected in Nan province, Thailand (Khianngam et al., 2010a, b) ; Cohnella luojiensis HY-22R
T from a Euphrates poplar forest, China (Cai et al., 2010) ; Cohnella ginsengisoli GR21-5 T (DSM 18997 T ) and Cohnella IP: 54.70.40.11
On: Sat, 12 Jan 2019 09:50:10 panacarvi Gsoil 349 T from ginseng cultivation soil, Korea Yoon et al., 2007) ; Cohnella soli YM2-7 T and Cohnella suwonensis T from soil samples, Korea (Kim et al., 2011) ; Cohnella yongneupensis 5YN10-14
T from a wetland, Korea and Cohnella boryungensis BR-29
T from the west coast of Korea (Yoon & Jung, 2012) .
The members of the genus Cohnella probably play an important role in the recycling of plant biomass in natural environments. Species of the genus Cohnella are reported to be xylanolytic and cellulolytic in function with the potential ability to degrade hemicellulosic and cellulosic substances, respectively (Yoon et al., 2007; Khianngam et al., 2010b Khianngam et al., , 2012 . Kim et al. (2010a) provided further supporting evidence by characterizing a novel GH10 xylanase from C. laeviribosi HY-21, which catalyses intracellular hydrolysis of hemicellulose. Here, by polyphasic taxonomic analysis (Vandamme et al., 1996) , we characterize a novel xylanolytic bacterial strain (CCAlfalfa-35 T ) affiliated to the genus Cohnella.
Strain CC-Alfalfa-35
T was isolated from Medicago sativa L. rhizosphere soil collected at a farmland located in Taichung (23.058183 u N 120.336715 u E), Taiwan. A soil sample was subjected to the standard dilution-to-extinction plating method [tryptic soy agar (TSA), 30 u C, 2-4 days]. A colony of strain CC-Alfalfa-35
T was isolated from a TSA plate, purified and stored as 20 % glycerol stocks for further analysis. Reference strains (C. thermotolerans DSM 17683 T , C. thailandensis KCTC 22296 T and C. ginsengisoli DSM 18997 T ) were purchased and direct comparative taxonomic analyses were made according to the guidelines of Tindall et al. (2010) and Logan et al. (2009) . All strains were grown on TSA or in tryptic soy broth (TSB) for two days at 30 u C, unless specified otherwise.
Colonies of CC-Alfalfa-35
T were examined for morphological features such as colony appearance, size, shape, texture and pigmentation. Presence of endospores was determined by phase-contrast microscopy (A3000; Zeiss) after malachite-green staining (Smibert & Krieg, 1994) of cells grown on TSA for 7 days. Cell morphology including presence of flagella was determined by placing the cells on a carbon-coated copper grid followed by staining with 0.2 % uranyl acetate for 5-10 s, brief air-drying and observation under a transmission electron microscope (JEM-1400; JEOL). Gram-staining was performed according to the method of Murray et al. (1994) . Aerobic growth was tested by using nutrient agar (NA), R2A agar, and yeast extract mannitol agar (YEMA) in addition to TSA after 2 days of incubation at 30 u C. Growth was also determined in an anaerobic growth chamber (COY) by using TSA or NA plates supplemented with 0.1 % KNO 3 . Motility was investigated by using 0.25 % TSA after 3 days of incubation at 30 u C. Activity of catalase and oxidase, and hydrolysis of casein, starch, xylan and CM-cellulose were assayed as described by Smibert & Krieg (1994) . DNase activity was analysed using DNase test agar (Himedia). Haemolytic activity was determined by using sheep blood agar (CMP). The requirement for NaCl was studied by using TSB supplemented with 0, 1, 1.5, 2, 3, 5, 7 or 10 % NaCl. The pH range for growth was determined using TSB after adjusting the pH to 3-11 prior to sterilization (0.5 pH unit intervals) using appropriate buffers. Growth in TSB at 10, 15, 20, 30, 37, 40, 45, 50 and 55 u C was tested after 3 days of incubation. Carbon source utilization was determined using a GP2 MicroPlate (Biolog). Reduction of nitrates, production of indole, D-glucose fermentation, activity of arginine dihydrolase, urease and paranitrophenyl-b-Dgalactopyranosidase, hydrolysis of aesculin and gelatin, and growth on carbohydrates such as D-glucose, Larabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenyl acetic acid were tested by using API 20 NE (bioMérieux). Activity of enzymes such as lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase, and production of H 2 S and acetoin was determined by using API 20 E (bioMérieux). Other enzyme assays and acid production tests were performed by using API ZYM (bioMérieux) and API 50CH strips (bioMérieux), respectively. All kit-based assays were performed according to the manufacturers' instructions.
Strain CC-Alfalfa-35
T was a rod-shaped Gram-positive bacterium that was unable to show facultative anaerobic growth. On the contrary, C. thailandensis KCTC 22296 T has been reported be a facultative anaerobe (Khianngam et al., 2010a) . Strain CC-Alfalfa-35
T showed a subterminal ellipsoidal endospore in a swollen sporangium (Fig. 1) . After two days of incubation on TSA, colonies were 0.5-1.0 mm in diameter, circular, flat and non-pigmented. Cells showed positive reactions for catalase, oxidase, amylase, a-galactosidase, a-glucosidase, b-galactosidase, b-glucosidase and paranitrophenyl-b-D-galactopyranosidase. Cells were capable of hydrolysing xylan but not 0.5 µm Bar, 0.5 mm.
Cohnella formosensis sp. nov.
cellulose. Additionally, cells produced several enzymes, assimilated a variety of compounds and produced acid from diverse carbon sources as listed in the species description. Differential biochemical and phenotypic characteristics that distinguish strain CC-Alfalfa-35 T from other related members of the genus Cohnella are given in Table 1 .
The 16S rRNA gene sequence of strain CC-Alfalfa-35
T was determined by direct sequencing as described previously (Young et al., 2005) . Sequence similarity values were computed using the EzTaxon-e server and BLAST search (Altschul et al., 1990) . Data were analysed by using MEGA 5 (Tamura et al., 2011) after multiple alignment of data by CLUSTAL X (Thompson et al., 1997) . The alignment was manually edited to remove gaps and ambiguous nucleotides before reconstruction of the phylogenetic trees. Distance matrix methods (distance options according to the Kimura two-parameter model; Kimura, 1980) including clustering by neighbour-joining (Saitou & Nei, 1987) , a discrete character-based maximum-parsimony (MP; Fitch, 1971) and maximum-likelihood (ML; Felsenstein, 1981) methods were used. The topologies of the trees were evaluated by using the bootstrap resampling method based on 1000 replications (Felsenstein, 1985) . Lactose T using the reagents and protocol from Roche Diagnostics resulted in the hybridization values 37.7±1.7 % and 55.7 %±3.0 % (reciprocal). This value was well below the threshold limit (70 %) that has been recommended for species-level distinction, confirming that the novel strain CC-Alfalfa-35 T was not related to C. thailandensis KCTC 22296
T at the species level.
Cell-wall diamino acid was analysed as described by Komagata & Suzuki (1987) . For the cellular fatty acid determination, fatty acid methyl esters of strain CC-Alfalfa-35 T and reference strains were extracted from the cells cultivated on TSA at 30 u C. Cell samples were harvested during mid-exponential growth phase and subjected to saponification, methylation and extraction as described by Kämpfer & Kroppenstedt (1996) followed by gas chromatography (7890A; Agilent). Peaks were automatically integrated and fatty acid names and percentages were determined using the microbial identification standard software package MIDI (version 6) (Sasser, 1990) by adopting the database RTSBA6. Respiratory quinones of strain CC-Alfalfa-35
T were extracted by following the method of Minnikin et al. (1984) and analysed by HPLC (Collins & Jones, 1980) . Polar lipids of strain CC-Alfalfa-35
T and reference strains were extracted and analysed by two-dimensional TLC according to the protocol of Minnikin et al. (1984) . For the determination of DNA G+C content, the DNA was prepared by thermal denaturation and enzymic digestion into nucleosides as described by Mesbah et al. (1989) and the resultant nucleoside mixture was separated and quantified by HPLC.
The DNA G+C content of strain CC-Alfalfa-35 T was 58.3 mol%, which was remarkably high compared with that of the closest relative C. thailandensis KCTC 22296 T , which possessed 53.3 mol% DNA G+C. Nevertheless, the obtained DNA G+C value of strain CC-Alfalfa-35
T was within the range reported for the related species of the genus Cohnella (53.3-63.0; Table 1 of strain CC-Alfalfa-35 T was marked by the predominance of both iso-C 16 : 0 (32.8 %) and anteiso-C 15 : 0 (31.4 %) and was in agreement with that of the type species of the genus Cohnella as well as with those of the other two reference strains analysed (Table 2) . Strain CC-Alfalfa-35
T exhibited a fatty acid profile that was similar to that of C. thailandensis KCTC 22296
T with subtle quantitative differences. Interestingly, C. ginsengisoli DSM 18997 T showed significant amounts of iso-C 15 : 0 , in addition to the predominance of iso-C 16 : 0 and anteiso-C 15 : 0 . Strain CC-Alfalfa-35
T contained meso-diaminopimelic acid as a sole diamino acid in the cell-wall peptidoglycan (Fig. S3) . The major respiratory quinone was menaquinone MK-7. The novel strain contained diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), lysyl-phosphatidylglycerol (LPG), three unidentified phospholipids (PL1-3) and four unidentified aminophospholipids (PN1-4) as polar lipid components (Fig. S4 ). Glycolipids were not detected. Interestingly, remarkable qualitative and quantitative differences were observed in terms of overall polar lipid components of the strains analysed (novel strain and reference strains). Strain CCAlfalfa-35
T exhibited a polar lipid profile that was qualitatively similar to that of C. thermotolerans DSM 17683 T in addition to minor quantitative variations, particularly regarding LPG. Overall, strain CC-Alfalfa-35 T is characterized by the presence of PN1, PN2 and PN4 that were not observed in C. thailandensis KCTC 22296
T and the presence of PL1, PN1 and PN2 that were not detected in C. ginsengisoli DSM 18997 T . This chemotaxonomic evidence clearly suggested that strain CC- T is a distinct member of the genus Cohnella.
Taken together, strain CC-Alfalfa-35
T was unambiguously segregated from its closest relative C. thailandensis KCTC 22296
T based on its DNA G+C content, DNA-DNA hybridization value, phylogenetic position, polar lipid pattern, fatty acid profile, salt tolerance, requirement for oxygen and lack of cellulase activity, in addition to several other distinguishing phenotypic features as listed in Table  1 . Furthermore, on the basis of the genotypic, phenotypic, biochemical, physiological and chemotaxonomic data provided, strain CC- T is proposed to represent a novel species of the genus Cohnella, for which the name Cohnella formosensis sp. nov. is proposed.
Description of Cohnella formosensis sp. nov.
Cohnella formosensis [for.mo.sen9sis. N.L. fem. adj. formosensis of or pertaining to Formosa (Taiwan), where the type strain was isolated].
Cells are 1.4-2.6 mm in length and 0.2-0.4 in diameter, rod-shaped with rounded end and usually single. Gramstaining-positive and motile by means of peritrichous flagella. Sub-terminal ellipsoidal endospores are found in the swollen sporangia. Shows good aerobic growth on TSA, YEMA and R2A; however, no aerobic growth occurs on NA. Colonies are 0.5-1.0 mm in diameter, circular, smooth, flat and without pigmentation after 2 days of incubation on TSA. Grows well at 20-50 u C (optimally at 30-37 uC), pH 6-8 (optimally at 7) and with 0-2 % NaCl. Growth does not occur at pH ¡5 or ¢9, with ¢3 % NaCl and at ,10 u C or ¢55 u C. Growth does not occur under anaerobic conditions on TSA or NA supplemented with 0.1 % KNO 3 . Catalase-and oxidase-positive. In API 50 CH strips, acid is produced from D-xylose, methyl-b-Dxylopyranoside, D-glucose, D-mannose, L-rhamnose, Dmannitol, methyl-a-D-glucopyranoside, amygdalin, aesculin ferric citrate, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, glycogen and turanose; acid is weakly produced from salicin and starch, whereas, no acid is produced from the remaining substrates. In API 20 E, positive for citrate utilization and acetoin production; negative for lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase and production of H 2 S. Positive for the hydrolysis of starch and xylan but negative for the hydrolysis of sheep-blood agar, DNA, casein and CMcellulose. In API 20 NE, negative for nitrate reduction, indole production, D-glucose fermentation, arginine dihydrolase, urease, gelatinase, assimilation of D-mannose, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid; however, positive for aesculin hydrolysis, 4-nitophenyl-b-D-galactopyranosidase, and assimilation of D-glucose, L-arabinose, D-mannitol, N-acetylglucosamine, The type strain is CC-Alfalfa-35 T (5JCM 18405 T 5BCRC 80428 T ), isolated from a rhizosphere soil sample of Medicago sativa L. collected at an agricultural farmland, Taichung, Taiwan. The DNA G+C content of the type strain is 58.3 mol%. The type strain exhibits DNA-DNA hybridization values of 37.7 % and 55.7 % (reciprocal) with C. thailandensis KCTC 22296
T .
